The intracellular location of plasmid DNA has been of interest in an effort to understand the maintenance of these molecules. We have employed a simple procedure which enables us to isolate from exponentially grown cells on sucrose gradients membrane-complexed forms of R6K plasmid DNA. Electron micrographs identified the complexing of membrane fractions to circular forms of R6K DNA. Biochemical studies of the complexed R6K molecules showed the presence of membrane-specific proteins and suggested that complexing of R6K DNA was primarily with inner membrane fractions of Escherichia coli.
The maintenance of bacterial plasmid DNA requires a precise relationship of these molecules with other cellular constituents. Jacob et al. (8) postulated that DNA molecules must attach to membrane to be stably maintained, i.e., to replicate and partition themselves into daughter cells. There is substantial evidence that bacterial chromosomes and some viral genomes bind to membrane for replication (3, 5, 16) . However, the evidence that bacterial plasmids attach to membrane for replication or segregation or both during cell growth has been indirect (7, 11, 15, 16) .
The observations that a variety of bacterial plasmids can be found to cosediment with their host folded chromosomal complex (chromosome plus membrane [1, 10] ) supports the notion of a physical relationship necessary for intracellular maintenance of plasmid DNA. Nevertheless, the cellular components-chromosomes or membrane or both-of the observed cosedimentation have not been determined. Examinations of ColEl (15) and RK2 (7) plasmid DNA-membrane complexes in minicells suggest that these plasmids complex to membrane during normal cell growth and division. In addition, an analysis of plasmid maintenance in Staphylococcus aureus suggests that the bacterial membrane is involved (11) . The findings that F plasmid DNA can be found associated with membrane-free folded chromosomes without linear insertion have led to the possibility of a new model for F DNA replication and segregation involving bacterial chromosomes (9) .
In this study, we have employed a procedure previously developed for purifying R6K DNA from Escherichia coli (1, 14) . Cells were lysed as they sedimented through a layer of detergent, and thereby the solubilization or mechanical disruption, or both, of putative plasmid membrane complexes was reduced. The release of membrane-complexed molecules of R6K plasmid DNA on cleared lysate on sucrose gradients was followed by differential labeling with
[14C]glycerol and [3H]deoxythymidine during exponential growth to identify the membrane and DNA components, respectively (Fig. 1 ). Spheroplasts were made in a top layer of a neutral sucrose gradient and then lysed while sedimenting through a layer of detergent. The 14C-labeled glycerol material formed a distinct peak coincident with the 58S peak of 3H-labeled R6K plasmid DNA, indicating the cosedimentation of a putative plasmid-membrane complex. Analyses of these plasmid forms on isopycnic sucrose gradients (12) indicated that approximately 25% of the molecules isolated on sucrose were complexed to membrane material (Fig. 2) . A comparison of the sedimentation values of cleared lysate on sucrose-purified forms ( Fig. 1) to purified covalently closed circular (CCC) monomer of R6K isolated on dye-buoyant density gradients, showed that the gradient-isolated complex had a higher S value at 58S as compared with the CsCl-isolated form (51S) (14) . The density of the 58S form as CCC molecules of R6K was previously confirmed by cesium chloride-ethidium bromide density equilibrium gradients and agarose gel electrophoresis (13, 14) .
R6K plasmid DNA was prepared from gradients ( Fig. 1) and examined by dark-field electron microscopy for the presence of membrane-plasmid complexes. The procedure used was essentially that described by Dubochet et al. (4) . This Isopycnic sucrose gradient centrifugation of R6K DNA complexes from cleared lysates on sucrose gradients. Plasmid forms pooled from the 58S region of gradients described in Fig. 1 were layered on a step sucrose density gradient.
Step gradients were prepared by layering 2 ml of 50, 45, 40, 35, and 30% sucrose solutions (5 mM EDTA, pH 7.5) over a 0.5-ml 60% sucrose shelf as described by Osborn et al. (12) . The gradients were then centrifuged in a SW41.1 rotor at 38,000 rpm at 4°C for 16 h. Fractions of 15 drops were collected by puncturing from the bottom onto filter strips; these were washed and counted as described in the legend to Fig. 1 ,.. method generated a very high contrast and resolution of samples which facilitates successful visualization of protein-nucleic acid interactions. Shown in Fig. 3 are characteristic membrane vesicles observed in these fractions. A number of supercoiled duplexed DNA molecules appeared to be attached to these vesicles (Fig. 3a) . Figure 3b shows To further characterize R6K plasmid-membrane fractions, samples of these forms (58S) were subjected to polyacrylamide gel electrophoresis in sodium dodecyl sulfate (Fig. 4) . In these analyses, three different detergents (Brij 58, Triton X-100, and Sarkosyl), which had different effects on membrane solubilization (6), were used as described in the legend to Fig. 1 c) . This protein was also present in relatively low concentration in purified inner membrane fractions (Fig. 4d) . In addition, there was a protein of approximately 61,000 molecular weight which appeared to be plasmid specific (Fig. 4a to c) , i.e., it was not found in purified membrane fractions. A comparison of proteins derived from plasmid-containing fractions with those found in both the inner and outer membrane fractions of E. coli showed many proteins in common. However, there were more proteins in common with inner membrane than with outer membrane proteins.
In earlier studies (1, 14) in which the relationship of R6K DNA to its folded chromosomal complex (chromosome plus membrane) was investigated, approximately 80% of nonreplicating and 100% of the replicating molecules of this plasmid were found associated to this complex. However, the cellular component to which these forms associate themselves was not determined. From the findings presented here, it would appear that at least a portion of 10 to 15 copies (14) of the nonreplicating molecules of R6K DNA per cell is associated to the membrane of E. coli. The role of this association in regulating initiation of R6K synthesis and segregation of replicas into progeny cells has not been determined. Nonetheless, in view of the stringent complexing of the replicating forms to the folded chromosomal complex (1, 2), it would be appealing to suggest that this association is for the purpose of replication. This interpretation would be consistent with the replicon model of Jacob et al. (8) and would support similar observations with plasmid ColEl (15) and RK2 derivatives (7) . Further, the identification of a membrane-specific binding site on the bacterial nucleoid at the point of origin for chromosomal replication (5, 16 ) lends support to a specific membrane binding site for plasmid DNA attachment. Whether the association of R6K DNA to membrane serves to fulfill the various functions involved in plasmid maintenance is not clear.
